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Description 



[0001] This Invention generally relates to supportive, 
endoluminal grafts which have the ability to be delivered 
transluminal^ and expanded in place to provide a graft 
that is endoluminally positioned and placed, with the aid 
of an appropriate inserter or catheter, and that remains 
so placed in order to both repair a vessel defect and pro- 
vide lasting support at the location of the graft. 
[00021 EP-A-0551179 discloses a multiple compo- 
nent, expandable, supportive endoluminal graft com- 
prising two expandable, supportive, endoluminal com- 
ponents that are adapted to be deployed individually, 
side-by-side within a blood vessel, such that each com- 
ponent extends from a point proximal to a bifurcation, 
across said bifurcated into a respective branch vessel. 
Each endoluminal component comprises a porous fab- 
ric elongate tube which Is attached to its proximal end, 
to an expandable, slotted tubular member. In practice, 
the components are deployed so that their respective 
tubular members expand into abutment with one anoth- 
er and with the internal walls of the proximal blood ves- 
sel to secure the two components in position. 
[0003] Etastomeric vascular grafts are known to be 
made by various methods. Included are methods which 
incorporate electrostatic spinning technology such as 
that described by Annis et al. In "An Elastomeric Vascu- 
lar Prosthesis", Trans. Am. Soc. Artif. Intern, Organs, 
Vol. XXIV, pages 209-214 (1978) and in U.S. Patent No. 
4,323,525. Other approaches include elution of particu- 
late material from tubular sheeting, such as by incorpo- 
rating salts, sugars, proteins, water-soluble hydrogels, 
such as polyvinyl pyrrolidone, polyvinyl alcohol, and the 
like, within polymers and then eluting the particulate ma- 
terials by immersion in water or other solvent, thereby 
forming pores within the polymer. Exemplary in this re- 
gard is U.S. Patent No. 4,459,252. 
[0004] Another approach involves the forming of 
pores in polymers by phase inversion techniques 
wherein a solventlzed polymer is immersed in another 
solvent and the polymer coagulates while the polymer 
soivent is removed. Also known arespinningtechniques 
such as those described in U.S. Patent No. 4,475,972. 
By that approach, a polymer such as a polyurethane in 
solution is extruded as fibers from a spinnerette onto a 
rotating mandrel. The spinnerette system reciprocates 
along a path which is generally parallel to the longitudi- 
nal axis of the mandrel and at a controlled pitch angle. 
The result is a non-woven structure where each fiber 
layer is bound to the underlying fiber layer. 
[0005] Also known are stent devices, which are 
placed or implanted within a blood vessel or other body 
cavity or vessel for treating occlusions, stenoses, aneu- 
rysms, disease, damage or the like within the vessel. 
These' stents are implanted within the vascular system 
or other system or body vessel to reinforce collapsing, 
partially occluded, weakened, diseased, damaged or 
abnormally dilated sections of the vessel. At times, 



stents are used to treat disease at or near a branch, bi- 
furcation and/or anastomosis. This runs the risk of com- 
promising the degree of patency of the primary vessel 
and/or its branches or bifurcation, which may occur as 
5 a result of several problems such as displacing diseased 
tissue, vessel spasm, dissection with or without intimal 
flaps, thrombosis and embolism. 
[0006] One common procedure for implanting a stent 
is to first open the region of me vessel with a balloon 
10 catheter and then place the stent in a position that bridg- 
es the diseased portion of the vessel. Various construc- 
tions and designs of stents are known. U.S. Patent No. 
4,140,126 describes a technique for positioning an elon- 
gated' cylindrical stent at a region of an aneurysm to 
is avoid catastrophic failure of the blood vessel wall, the 
stent being a cylinder that expands to an implanted con- 
figuration after insertion with the aid of a catheter. Other 
such devices are illustrated in U.S. Patents No. 
4,787,899 and No. 5,104,399. U.S. Patents No. 
20 4,503,569 and No. 4,512,338 show spring stents which 
expand to an implanted configuration with a change in 
temperature. It is implanted in a coiled configuration and 
then heated in place to cause the material of the spring 
to expand. Spring-into-place stents are shown in U.S. 
25 Patent No. 4,580,568. U.S. Patent-No. 4,733,665 
shows a number of stent configurations for implantation 
with the aid of a balloon catheter. U.S. Patent No. 
5,019,090 shows a generally cylindrical stent formed 
from a wire that is bent into a series of tight turns and 
so then spirally wound about a cylindrical mandrel to form 
the stent. When radially outwardly directed forces are 
applied to the stent, such as by the balloon of an angi- 
oplasty catheter, the sharp bends open up and the stent 
diameter enlarges. U.S. Patent No. 4,994,071 describes 
35 a bifurcating stent having a plurality of wire loops that 
are interconnected by an elongated wire backbone and/ 
or by wire connections and half hitches. 
[0007] Stents themselves often do not encourage nor- 
mal cellular invasion and can lead to undisciplined de- 
40 velopment of cells In the stent mesh, with rapid devel- 
opment of cellular hyperplasia. Grafts alone do not pro- 
vide adequate support in certain instances. U.S. Patent 
No. 5,653,747 describes grafts that have the ability to 
cany out dilatation and/or supportf unctions. An expand- 
45 able tubular support component and an elastomeri graft 
component are combined into a single device wherein 
the graft material is secured to either or both of the in- 
ternal and external surfaces of the expandable support 
component The graft material is produced by a spinning 
so technique such as that described in U.S. Patent No. 
4,475,972. Also, luminal endoprostheses with an ex- 
pandable coating on the surface of external walls of ra- 
dially expandable tubular supports are proposed in U. 
S. Patents No. 4,739,762 and No. 4,776,337. In these 
55 two patents, the coating is made from thin elastic poly- 
urethane, Teflon film or a film of an inert biocompatible 
material. A. Balko et al., Transfemorai Placement of In- 
traluminal Polyurethane Prosthesis for Abdominal Aor- 
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tic Aneurysm 0 , Journal of Surgical Research, 40, 
305-309, 1986, and U.S. Patents No. 5,019,090 and No. 
5,092,877 mention the possibility to coat stent materials 
with porous or textured surfaces for cellular ingrowth or 
with non-thrombogenic agents and/or drugs. 5 
[0008] According to the invention there Is provided a 
multiple-component, bifurcating, expandable, support- 
ive, endoluminai graft comprising: 

a plurality of expandable, supportive, endoluminai 10 
components that are adapted to be deployed indi- 
vidually at a selected location within a body vessel, 
each of said supportive, endoluminai components 
being radially compressible for endoluminai inser- 
tion and radially expandable for deployment at a de- *5 
sired location within a body vessel; 
one of said expandable, supportive, endoluminai 
components being a trunk component, said trunk 
component including a tubular supporting member, 
at least one other of said expandable supportive, 
endoluminai components being a generally cylindri- 
cal supportive leg component; characterised in that 
said trunk component includes a trunk liner posi- 
tioned along said tubular supporting member, said 
trunk liner having a generally cylindrical body por- 25 
tion and at least two leg portions, each said leg por- 
tion defining a leg opening; and 
said generally cylindrical supportive leg component 
and one of said leg portions of the trunk component 
are adapated to be telescopically positioned with re- 30 
spect to each other when said leg component and 
trunk component are deployed within the body ves- 
sel. 

[0009] The graft of the present invention is expanda- 35 
ble and supportive and may expand from a first diameter 
to a second diameter which is greater than the first. 
When it is at its first diameter, the expandable, support- 
ive graft may be a size and shape suitable for insertion 
into a desired body passageway. The material of the 40 
graft may be substantially inert and may comprise a gen- 
erally cylindrical cover generally over the outside sur- 
face and/or inside surface of the supporting component. 
Preferably, the cover and/or lining is elastomeric and po- 
rous to encourage desirable growth of tissue thereto in *s 
order to assist in non-rejecting securement into place 
and avoidance of stenosis development. The porous, 
elastomeric lining and/or cover material may be elasto- 
meric enough to allow for expansion by up to about 2 to 
4 times or more of its unexpanded diameter. Compo- so 
nente of the bifurcated, expandable, supportive, endo- 
luminai graft are deployabie separately, such that each 
component can be properly positioned with respect to 
the other into a desired bifurcated arrangement. 
[001 0] The endoluminai graft of the present invention ss 
may thus combine into a single structure both an ex- 
pandable, luminal prosthesis tubular supporting compo- 
nent and an elastomeric graft component secured there- 



to. The expandable supportive luminal graft takes on a 
bifurcated structure made up of components that are de- 
signed to be positioned in a bifurcated manner with re- 
spect to each other during deployment or repair and 
support of vessel locations at or near branching sites. 
Preferably, the graft component is stretchable or elas- 
tomeric and does not substantially inhibit expansion of 
the tubular support component, while simultaneously 
exhibiting porosity which facilitates normal cellular 
growth or invasion thereinto of tissue from the body pas- 
sageway after implantation. 

[0011] Following is a description by way of example 
only with reference to the accompanying drawings of 
embodiments of the present invention. 
[0012] In the drawings:- 

Fig. 1 is a perspective view, partially cut away, of an 
expandable supportive endoluminai graft construc- 
tion that can be used for endoluminai bifurcated 
grafts according to the present invention; 
Fig. 2 Is a cross-sectional view along the line 2-2 of 
Fig. 1; 

Fig. 3 is a perspective view, partially cut away, of 
another expandable supportive endoluminai graft 
construction; 

Fig, 4 is a cross-sectional view along the line 4-4 of 
Fig. 3; 

Fig. 5 is a perspective view, partially cut away, of a 
further expandable luminal graft construction; 
Fig. 6 is a cross sectional view along the line 6-6 of 
Fig. 5 

Fig. 7 illustrates a trunk component of a multi-com- 
ponent bifurcated expandable supportive endolu- 
minai graft in accordance with the present inven- 
tion; 

Figs. 8, 9 and 10 illustrate implantation of the trunk 
component of Figure 7, and its assembly in vivo with 
two independent tubular, supportive, leg compo- 
nents to form a bifurcated assembly. 
Figs. 11,12,13, 14, 15, 16, 17 and 18 illustrate an- 
other multi-component bifurcated graft in accord- 
ance with the present invention and various stages 
of its separate, componentwise deployment within 
a body vessel to repair an aneurysm; Figs. 11 and 
12 showing deployment of a bifurcated trunk com- 
ponent; Figs. 13 to 17 showing separate deploy- 
ment of two tubular branch components; and Fig. 
18 showing aneurysm healing and contracting after 
a time following implantation; 
Fig. 19 is a perspective view of a bifurcation trunk 
component which has a single lumen area opening 
into a double lumen area; 
Fig. 20 is a bottom end view of the bifurcation trunk 
component of Fig. 19; and 
Fig, 21 is a perspective view of another bifurcation 
trunk component, the single lumen area of which 
has a section of enhanced hoop strength. 
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[0013] An expandable supportive luminal graft con- 
struction that can be used for a multi-component bifur- 
cated, expandable, supportive endoluminal graft in ac- 
cordance with the present invention (see below) is gen- 
erally illustrated in Fig. 1 at 21. This construction in- 
cludes a braided tubular support component having 
generally helically wound, flexible strand or wire but are 
axially displaced from one another, and other of which 
cross these windings and are also axially displaced with 
respect to each other. The actual structure can be gen- 
erally braided as illustrated in Wallsten U.S. Patent No. 
4,655,771, or as found In self-expanding braided fiat 
wire WaltetentR device. Both a cover 23 and a liner 24 
are illustrated in Figs. 1 and 2. Either cover 23 or liner 
24 can be omitted if there is no desire to substantially 
encapsulate the tubular support component 22. 
[001 4] With more particular reference to the illustrated 
cover 23 and the liner 24, when included they may be 
formed by an electrostatic spinning process in this illus- 
trative embodiment. Details regarding electrostatic spin- 
ning techniques in general are found in Bornat U.S. Pat- 
ent No. 4,323,525 and in Bomat European patent pub- 
lication no. 9,941 , as well as in the Annis et al. article 
discussed hereinabove. With further reference to the 
application of this technology to the multi-component, 
bifurcating grafts of the present invention, random pat- 
tern filaments are formed and electrostatically directed 
toward a charged mandrel in order to form a random 
pattern of electrostatically generally cross-linked fila- 
ments which take on the configuration of a mat having 
a cylindrical shape. The filament diameters are particu- 
larly fine, as is the pore size of the mat so constructed. 
Atypical range of filament diameters is about 0,5 micron 
and about 5 microns, and a typical pore size of the elec- 
trostatically spun fiber is between about 3 microns and 
about 20 microns. 

[001 5] Liner 24 is formed directly on the rotating man- 
drel by this electrostatic spinning procedure. Thereafter, 
one of the tubular support components discussed here- 
in, such as the generally braided tubular support 22, is 
placed over the liner 24 still on the mandrel. In the case 
of the tubular support 22 in a form that is not spring load- 
ed, this Includes longitudinally extending the tubular 
support 22, such as by pulling one or both of Its ends, 
which thereby decreases its diameter so that It f its snug- 
ly over the liner 24. When the generally braided tubular 
support 22 is of a spring-into-place type, a hold-down 
member (such as shown in Figs. 1 8, 20 and 23) is used 
to prevent automatic radial expansion prior to deploy- 
ment When the expandable supportive graft 21 is to in- 
clude a cover 23, the mandrel is again rotated, and the 
electrostatic spinning is again accomplished in order to 
form the cover 23 directly over the tubular support 22. 
This will also create some bonding between the thus 
formed cover 23 and the liner 24 at openings between 
the strands or wires of the woven tubular support 22 or 
the like. This bonding can be facilitated by uniformly 
compressing the outer fibers with a soft silicone roller or 



sponge such that the still tacky outer fibers bond to the 
inner fibers thereby encapsulating the tubular support 
within the graft. 

[0016] Bonding may also be achieved in this or other 
5 embodiments by heat welding and/or by the use of ad- 
hesives such as hot melt adhesives, primers, coupling 
agents, silicone adhesives, and the like, and combina- 
tions of these. Examples include aliphatic polycar- 
bonate urethane hot melts and silicone rubber adhe- 
10 sives. 

[0017] It Is important to note that each of the cover 23 
and the liner 24, when either or both are present, is 
made of an elastomeric material which retains its com- 
pliant properties after construction of the expandable 

is supportive graft 21 is completed. In this regard, the graft 
itself is also elastomeric and compliant. Accordingly, the 
graft 21 can be delivered transluminal^, such as by be- 
ing pulled down onto the balloon of a catheter and then 
percutaneousiy inserted and positioned to the location 

20 where the repair is needed. For a non-spring loaded 
graft, the balloon is then inflated to longitudinally con- 
tract and radially expand the graft 21 into engagement 
with the vessel walls. Because of the compliance of the 
cover 23 and/or liner 24, and because of the hoop 

25 strength of the braided tubular support 22, the graft 21 
will remain in place. In the illustrated graft construction 
ends 25 of the tubular support are exposed and are not 
covered by the cover 23. This allows the exposed end 
portions 25 to directly engage the vessel wall, If desired 

30 in the particular application, in order to assist In anchor- 
ing the graft 21 in place. Liner 24 also can be sized so 
as to not cover the exposed ends 25, or it can extend to 
or beyond the edge of the ends 25 when it is desired to 
avoid or minimize contact between the tubular support 

35 and the Wood or other fluid flowing through the vessel 
being repaired or treated. 

[0018] Alternatively, when a braided tubular support 
such as that illustrated In Figs. 1 and 2 is incorporated 
into a multi-component, bifurcated graft in a non-spring- 

40 loaded form, transluminal delivery can be made by way 
of a catheter or tool having means for longitudinally com- 
pressing the endoprosthesis until it has expanded radi- 
ally to the desired implanted diameter. Such equipment 
typically includes a member that engages one end of 

45 the endoprosthesis and another member which engag- 
es the other end of the endoprosthesis. Manipulation of 
proximally located controls then effects relative move- 
ment of the members toward each other in order to 
thereby longitudinally compress the endoprosthesis. 

so Delivery tools for spring-loaded grafts include a sleeve 
that maintains the graft at Its compressed diameter until 
the graft is positioned for deployment such as from the 
end of an insertion catheter to its auto-expanded state. 
[0019] With reference to Figs. 3 and 4, another ex- 

55 pandable supportive graft is construction that is suitable 
for use in a multi-component bifurcating graft according 
to the present invention is illustrated at 31 . The illustrat- 
ed tubular support component 32 Is constructed of slnu- 
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soidally configured wire helically wound into a tubular 
shape. General structures of these types are generally 
discussed in PinchukU.S. Patent No. 5,019,090. 
[0020] A cover 33 can be positioned over the tubular 
support 32 and/or a liner 34 can be positioned along its 
lumen. In this illustrated graft the cover 33 and liner 34 
are constructed of porous polymers, the pores thereof 
having been made by elution or extraction of salts and 
the like, such as described in MacGregor U.S. Patent 
No. 4,459,252 

[0021] Generally speaking, the porosity is determined 
by the size of the elutabie particles as discussed herein 
and by the concentration of those particles as a percent 
by volume of a pre-elution mixture thereof with the pol- 
ymer of the cover or liner. When a graft 31 having both 
a cover 33 and a liner 34 is prepared, a mandrel or rod 
is dipped into a liquid polymer having elutabie particles 
as discussed herein dispersed therewithin. After dip- 
ping, the polymer covered rod is contacted with, such 
as by dipping or spraying, a solvent, for the elutabie par- 
ticles, such as water, thereby forming the eluted porous 
liner 34. Thereafter, the tubular support 32 is positioned 
thereover and pressed down into the liner. Then, the rod 
and the assembly thereon are again dipped into the mix- 
ture of polymer and elutabie particles, followed by set- 
ting and contact with solvent to remove the elutabie par- 
ticles in order to form the eluted porous cover 33. It is 
also possible to directly extrude the particle-containing 
polymer into a tubular shape. 

[0022] Elutabie particles which can be used In the 
making of the eluted porous cover 33 and liner 34 in- 
clude salts such as sodium chloride crystals, sodium 
carbonate, calcium fluoride, magnesium sulfate and 
other water-soluble materials that are readily dissolved 
by the utilization of water as an elution medium. Other 
particles that are soluble in organic solvents and the like 
can be substituted as desired. Further particles include 
sugars, proteins, and water-soluble hydrogeis such as 
polyvinyl pyrrolidone and polyvinyl alcohol. Suitable pol- 
ymer materials are as discussed elsewhere herein, the 
pore size being on the order of about 10 microns to 
about 80 microns. 

[0023] As with the graft constructions of Figures 1 & 
2, when desired, ends 35 of the support component 32 
can be exposed either on one or both of its cylindrical 
faces in accordance with the needs of the particular re- 
pair or treatment to be carried out. With this approach, 
the exposed ends 35 will assist in maintaining the graft 
32 in place by mechanical engagement between the ex- 
posed ends 35 and the vessel being repaired or treated 
and/or by tissue ingrowth. The anchoring aspect of the 
exposed ends of the tubular support can be enhanced 
by continued radial expansion of the balloon or other de- 
ployment means which will permit the exposed ends to 
expand radially outwardly in an amount somewhat 
greater than that of the rest of the expandable support- 
ive graft and into the surrounding tissue. It is also con- 
templated that mechanical means can be used to assist 



in joining the exposed ends of this or other grafts to the 
vessel wall. An illustrative example in this regard is the 
use of transluminal^ delivered staples which can take 
on the appearance of rivets. Especially advantageous 

5 are staples made of an elastomeric material. Illustrated 
staples are shown at 36 in Fig. 3. They can be incorpo- 
rated at other locations as well along the graft. One or 
more windows 37 can be formed through the cover and/ 
or liner and/or tubular support in order to feed outside 

10 branch arteries or other vessels. 

[0024] Figs. 5 and 6 illustrate a further expandable 
supported graft construction generally designated as 
41 , that can be used in the multi-component, bifurcated 
grafts according to the present invention. Shown is a 

T5 mesh tubular support component, generally designated 
as 42, such as those of the type illustrated in Palmaz U. 
S. Patent No. 4,733,665. These are non-woven mesh- 
type cylinders or slotted tubes wherein most or all of the 
individual components are either integrally joined to- 

20 gether such as by welding or are integrally formed from 
a single tube. The resulting endoprostheses are malle- 
able enough so as to be expandable by a balloon or a 
catheter. Usually these endoprostheses have particular- 
ly high hoop strengths. 

25 [0025] Cover 43 and/or liner 44 are made of polymers 
rendered porous by phase inversion techniques. In ac- 
cordance with these techniques, a polymer such as a 
polyurethane is dissolved in a solvent therefor, for ex- 
ample a water-soluble polar solvent, such as dimethyl 

30 acetamide, tetrahydrofuran and the like, in orderto form 
what is known as a lacquer. A mandrel or rod is dipped 
into the lacquer. Thereafter, the dipped rod is contacted 
with an inversion solvent, such as by dipping in water or 
a mixture of alcohol and water. This inversion solvent 

35 must readily dissolve the polymer solvent of the lacquer, 
while at the same time being a poor solvent for the pol- 
ymer. Under these conditions, the polymer coagulates 
and the polymer solvent of the lacquer is removed and 
replaced with the inversion solvent The inversion sol- 

40 vent pulls the polymer solvent out of the polymer on the 
rod and forms particularly fine pores having a pore size 
on the order of about 0.5 micron to about 20 microns. 
The thus formed liner 44 having phase Inversion pores 
is then dried. 

45 [0026] Next, the tubular support component 42 is se- 
cured over the liner 44 and is preferably radially com- 
pressed onto and into the liner. Thereafter, the cover 43 
having phase inversion pores is formed In accordance 
with the same phase inversion steps as discussed here- 

so jnabove for preparation of the liner 44. If desired, either 
the liner or the cover can be omitted. Cover 43 and liner 
44 are thus formed in accordance with a displacing step 
wherein precipitating non-soivent molecules are substi- 
tuted for non-precipitating solvent molecules dispersed 

55 throughout the lacquer coating. This procedure devel- 
ops advantageous elastic characteristics. Further de- 
tails regarding the phase inversion procedure are found 
in Lymann et al. U.S. Patent No. 4,173,689. 
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[0027] A multi-component, bifurcated endoprosthesis 
or expandable supportive graft in accordance with the 
present invention is generally designated 81 in Figs. 7 
- 10. Separate components are included. 
[0028] In this case tubular supporting component(s) 
are, prior to deployment, separate from a trunk compo- 
nent. In this embodiment, a fully independent tubular 
supporting component 82 can be located at the trunk 
position of the graft 81 . A bifurcated stretchable wall 83 
is in contact with the independent tubular supporting 
component 82 as either or both of a cover or liner. In 
addition to being substantially coextensive with the in- 
dependent tubular supporting component 82 at a trunk 
portion 84 thereof, the stretchable wall 83 includes at 
least two generally tubular stretchable branch sleeves 
85, 86 which are initially devoid of a supporting compo- 
nent. Separate tubular supporting components 89, 90 
(Figs. 9 and 1 0 are also included. 
[0029] Implantation of this bifurcated expandable 
supportive graft is depicted in Figs. 7, 8, 9 and 10. Dual 
guidewires 64, 65 can be used to properly position the 
unexpanded bifurcated graft 81 within the bifurcating 
vessel as shown in Fig. 7 A balloon catheter 68 or sim- 
ilarly functioning device is inserted into the main body 
of the device so as to expand the independent tubular 
supporting component 82 and the trunk portion 84 of the 
bifurcated stretchable wall 83. This deployment initially 
secures the bifurcated supporting graft into place atthat 
location of the vessel, as shown in Fig. 8 The balloon 
catheter is then deflated and removed or positioned for 
use in the next step. 

[0030] Asuitableballooncatheter69orthelikeis next 
used to deploy and expand in place the branch tubular 
expandable supporting component 89, as illustrated in 
Fig. 9. A similar step deploys and expands in place the 
other branch tubular expandable supporting component 
90, as generally shown in Rg. 10. The bifurcated 
stretchable wall 83 andthe expandable supporting com- 
ponents may be made with the materials and construc- 
tions discussed herein and may be subjected to various 
treatments as discussed. 

[0031] A further multi-component, bifurcated, ex- 
pandable, supportive, graft In accordance with the 
present invention is one In which the separate compo- 
nents are each expandable supportive graft members. 
These separate components are Illustrated in Figures 
11-17 which also illustrate their separate deployment 
with respect to each other within an aortic trunk. Same 
Isshown in connection with treating an abdominal aorto- 
iliac aneurysm. The device includes a trunk component 
1 01 designed to extend from below the renal arteries to 
a location between the proximal neck of the aneurysm 
and the aorto-lliac bifurcation. It will be understood that 
this trunk component could also be shorter so that it ter- 
minates just below the proximal neck of the aneurysm, 
or it could be made longer so that It extends closer to 
the aorto-iliac bifurcation site. In addition, the compo- 
nent bifurcated expandable supportive graft of this em- 



bodiment is self-expanding and is deployed by means 
an Introducer containing compressed expandable sup- 
portive graft components. 

[0032] More particularly, and with reference firstly to 
s Fig. 11 , a guidewire 102 is first inserted in accordance 
with known procedures so as to traverse the aneurysm 
103. Next, an introducer, generally designed as 104 
having the trunk component therewithin In a radially 
compressed state is inserted over the guidewire 102. 
io The introducer is maneuvered such that it is property 
positioned as desired, in this case at a location distal of 
the distal end of the aneurysm. Then, the sheath 105 of 
the introducer is withdrawn, such as by sliding it in a 
proximal direction while the remainder of the introducer 
« 104 remains in place. As the sheath is withdrawn, the 
trunk 101 expands, eventually achieving the deployed 
or implanted position shown in Fig. 12. At this stage, the 
distal portion 106 of the trunk is well anchored into the 
blood vessel wall and is suitably deployed. 
20 [0033] Fig. 13 shows an introducer, generally desig- 
nated as 107, having an independent tubular expanda- 
ble supportive graft leg component 108 (Rg. 14 radially 
compressed therewithin. In this illustrated embodiment, 
this leg component is an iliac component of the bifurcat- 
25 ed supportive graft being assembled within the body 
vessel. The introducer 107 is advanced until this Iliac 
component Is moved into a leg 109 of the already de- 
ployed trunk component 101. This positioning is illus- 
trated in Rg. 14. Itwill be noted that the iliac tubularsup- 
30 portive graft component 108 extends from well within the 
leg 109 to a location proximal of the aneurysm in the 
iliac artery 110. 

[0034] In a next step, a guidewire 111 is passed 
through the appropriate vessel to Iliac artery 112 until it 
as crosses the aneurysm 103, while passing through the 
other leg 113 of the deployed trunk component 101 . In- 
troducer generally designated as 114 is advanced over 
the guidewire 111 and into leg 113. Introducer 114 con- 
tains another tubular supportive graft leg component 
40 115 (Fig.17), which is another Iliac component. With the 
introducer 14 removed, the previously radially com- 
pressed iliac component 1 1 5 expands radially and is de- 
ployed. At this stage, the entirety of the bifurcated en- 
doprosthesis or expandable supportive graft In accord- 
45 ance with this embodiment is fully deployed and assem- 
bled together. 

[0035] Fig. 1 8 shows atypical aneurysm repair as dis- 
cussed herein after a lapse of time. The aneurysm even- 
tually heals and contracts as generally shown at 116. 
so Blood flow is, of course, through the implanted bifurcat- 
ed component endoprosthesis from the abdominal aorta 
117 and to both of the Iliac arteries 110 and 112. 
[0036] It will be noted that It is not required to actually 
attach the trunk component 1 01 and the tubular compo- 
55 nents 108, 115 together. In other words, these compo- 
nents are generally telescopieally positioned with re- 
spect to each other. This telescopic feature allows some 
slippage between the trunk component and the tubular 
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leg components, thereby providing a telescopic joint 
which is a slip bearing. It will be appreciated that it is 
generally desirable to firmly anchor portions of the bifur- 
cated endoprosthesis within healthy vessel wall tissue. 
This can be achieved by the hoop strength of the sup- 
portive graft or by taking measures to enhance hoop 
strength at its ends, or by providing grasping structures 
such as hooks, barbs, flared ends and the like. During 
pulsetlle blood flow and possibly during exercise by the 
person within whom the endoprosthesis is implanted, 
tension and elongation forces are imparted to the endo- 
prosthesis. In structures that do not have a telescopic 
joint or some other means to relieve the stress devel- 
oped by this tension, a considerable amount of stress 
can be placed on the anchoring sites and/or the attach- 
ment components, potentially allowing for dislodgement 
at the anchoring sites or breakage of attachment com- 
ponents. 

[0037] Fig. 19 illustrates a trunk component 101a. It 
includes a common trunk portion 118 and a bifurcated 
portion, generally designated as 119. The bifurcated 
portion includes the legs 109 and 11 3. Trunk component 
101a includes a stent or tubular supporting component 
121 , as perhaps best seen in Fig. 27. Also included is a 
liner, generally designated as 122. This liner 122 has a 
body portion 123 and the legs 109 and 113 which take 
on a combined configuration resembling a pair of pants. 
[0038] Each leg 109, 113 is secured to the generally 
tubular stent component 121 at outside portions thereof, 
particularly at adhesion zones 1 24 and 1 25. The remain- 
der of the leg portions 109 and 113 are not so bonded 
to the stent portion 1 21 . This facilitates formation of the 
leg portions, wh ich are typically pinched along the length 
of the legs in order to form an internal seam 126. Leg 
openings 127 and 128 are thereby generally defined be- 
tween this seam 126 and the adhesion zones 124 and 
125. 

[0039] In Fig. 21 means are included in the trunk com- 
ponent 1 01 b which provides enhanced securement up- 
on implantation. A stent component 129 is included 
which has a substantially higher pitch angle (for exam- 
ple, between about 140° and 180°) than does the stent 
portion 121b therebelow within which the legs are posi- 
tioned (for example, at a pitch angle of between about 
70° and 90°). This higher pitch angle zone imparts a 
greater hoop strength upon deployment than does the 
stent 121 of the trunk component 101a. A barb 130 is 
also shown in order to further assist in securement of 
the endoprosthesis to the artery wall. When desired, the 
barb-type of structure can be a backing ring and barb 
formed out of the stent strand during its formation into 
the cylindrical supportive member. 
[0040] Any of the various expandable, supportive en- 
doluminal graft constructions discussed or referred to 
herein before can be used in order to construct multi- 
component bifurcated grafts in accordance with this em- 
bodiment Other modifications may also be incorporat- 
ed, including tubes having stepped diameters or conical 



ends. The stent component can be made with flat wires 
or with pairs of wires or multifilament wires. They can 
incorporate balloon expandable stents, self-expanding 
stents, and combinations of balloon expandable stents 

5 and self-expanding stents. Use can be made of ancillary 
equipment such as endoluminal stapling devices or su- 
turing devices in orderto facilitate securement at the an- 
eurysm neck, for example. Also, a portion of the stent 
component withouta liner component orthe like thereon 

10 can project at the proximal end of the endoluminal com- 
ponent, such as at a location which would be above the 
renal arteries. The objective is also to help to secure the 
device in place. 

[0041] A preferred use for the multi-component bifur- 

15 eating endoluminal grafts discussed herein is for inser- 
tion into a branching blood vessel. Same is typically suit- 
able for use in the coronary vasculature (the right, left 
common, left anterior descending, and circumflex coro- 
nary arteries and their branches) and the peripheral vas- 

20 culature (branches of the carotid, aorta, femoral, pop- 
liteal arteries and the like). These multi-component bi- 
furcated devices are also suitable for implantation into 
other branching vessels such as in the gastrointestinal 
system, the tracheobronchial tree, the biliary system 

25 and the genitourinary system. 

[0042] It will be appreciated that the multi-component, 
bifurcated, expandable supportive grafts in accordance 
with the present invention will dilate and/or support 
blood vessel lesions and other defects or diseased ar- 

30 eas, including at or in proximity to sites of vascular bi- 
furcation, branches and/or anastomoses. The expand- 
able supportive graft is an integral structure that incor- 
porates the expandable support component into the wall 
or walls of the elastomeric graft. Covers and/or linings 

35 that make up the grafts interface with the body compo- 
nents that facilitate normal cellular invasion with steno- 
sis or recurrent stenosis when the graft is in its expand- 
ed, supportive orientation. The graft material is inert and 
biocompatible. The expandable supportive graft can be 

40 expanded from a smaller diameter insertion configura- 
tion to a larger diameter implantation configuration by 
the application of radially outwardly directed forced pro- 
vided by expanding the endoprosthesis with a balloon 
catheter, using an ejection tube that allows a spring-into- 

45 place structure to be deployed from the end of a catheter 
into Its expanded configuration, or by using a support 
component made of certain alloys exhibiting thermo- 
transition characteristics by which they expand when 
heated, for example. 

50 [0043] In addition to the support component struc- 
tures illustrated herein, support structures include oth- 
ers having spring characteristics and those having a coil 
with circumferentially oriented fingers such as shown in 
Gianturco U.S. Patent No. 4,800, 882, 

55 [0044] Materials include, either alone or in combina- 
tion, metals or metal alloys, polymers, carbon and ce- 
ramics. Exemplary metallic members include stainless 
steel, titanium, tantalum, Nltinol, Elgiloy (trade name) 
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and NP35N (trade designation), which can provide de- 
sired degrees of springiness, malleability and/or re- 
sponse to temperature changes. Exemplary polymers 
include polyurethanes, silicone rubbers, polyether sul- 
fones, fluoroelastomers, polyimides, polycarbonates, 
polyethylenes, polylactic acid, polyglycolic acid, poly- 
acrylates, and the like and combinations and copoly- 
mers thereof which provide a variety of abilities to bio- 
absorb or biodegrade or to be totally inert. Any of a va- 
riety of these endoprostheses can be combined with any 
of a variety of the graft cover and/or liner configurations 
in order to tailorthe expandable supportive graftto meet 
specific needs. Also, combinations can be obtained, 
such as providing phase inversion pores and salt elutlon 
pores on different locations of the graft component to 
take advantage of the pore size difference between 
these two types of graft techniques and/or to provide 
better tissue growth at one location than at another. 
[0045] With reference to the material out of which the 
cover and/or liner of the grafts in accordance with the 
present invention are made, the material must be 
stretchable so that it will follow the movement of the en- 
doprosthesis between its fully collapsed and expanded 
or implanted configurations. Polyurethanes are pre- 
ferred. Particularty preferred is an especially crack-re- 
sistant, elastomeric and pliable polycarbonate urethane 
as described in PinchukU.S. Patents No. 5, 133.742 and 
No 5,229,431 , available from Corvlta Corporation un- 
der the CORETHANE® trademark. Also suitable are 
polycarbonate polyurethane covers and liners coated 
with a thin layer of silicone rubber material as described 
in Plnchuk U.S. Patent No. 4,851 ,009. 
[0046] In addition, various surface treatments can be 
applied to render the surfaces of the expandable sup- 
ported graft more biocompatible. Included are the use 
of pyrolytic carbon, hydrogels and the like. The surface 
treatments can also provide for the elutlon or immobili- 
zation of drugs such as heparin, antiplatelet agents, an- 
tlplatelet-derived growth factors, antibiotics, steroids, 
and the like. Additionally, the coating and/or liner can be 
loaded with drugs such as those discussed herein, as 
well as lytic agents In orderto provide local drug therapy. 
[00471 The multi-component, bifurcated graft of the 
present invention is capable of being tailored to meet 
specific needs, depending upon the particular defect or 
diseases being addressed, such as occlusion, stenosis, 
aneurysm, arteriovenosis fistula, trauma and the like, as 
well as upon the anatomy of the vessel. For example, it 
may be desirable to have a supporting component at 
locations other than throughout the entirety of a graft 
component as specifically illustrated in Figs. 1 through 
4 hereof, tt Is possible to provide an expandable graft 
component having its supportive property emanating 
from one ormore supporting components, while thereby 
providing an adjoining graft cylindrical portion which is 
supported primarily by its close proximity to a supporting 
component which can be presented at one end. both 
ends or spaced along the expandable supportive graft 



component. Such a structure is generally illustrated in 
Fig. 5. wherein an adjoining graft cylindrical portion 71 
Is positioned between a first supporting component 72 
andanotherorsecondsupportingcomponent73.Anex- 

s pandable supportive component may thus have the tai- 
torabllily advantage of being able to vary the configura- 
tion, structure and properties of the supporting compo- 
nent or components of the graft. These various proper- 
ties allow the expandable supportive graft component 
10 to be tailored in accordance with particular needs of the 
disease, defect or damage being treated. For example, 
support maybe particularly desirable at one location be- 
ing treated, while a less rigid supportive area is needed 
at another, generally adjoining location. 
*s [0048] It may also be desirable to incorporate a radi- 
opaque marker in the endoluminal graft specifically in 
the area of the trunkcomponent defining the bifurcation. 
Thepurpose of suchamarkeris to allowonewell versed 
in the art of implanting these devices to see, under an- 
20 giography, where the bifurcation Is precisely located so 
astodeploythe leg components within the trunksockets 
provided. The radiopaque marker may be in the form of 
a metallic powder, such as bismuth subcaitonate, tan- 
talum, tungsten, platinum, gold, barium sulfate and the 
25 like dispersed in a binder such as silicone rubber, poly- 
urethane, epoxy and the like, wherein the binder con- 
taining the metal powder is painted or printed onto the 
graft in the desired location. Altemativeiy, radiopaque 
sutures or wires can be sewn into the graft at the bifur- 
30 cation to allow visualization of the device. Similarly, the 
proximal ends of the leg endoluminal grafts can be paint- 
ed printed or sewn with similar markets to aid in visual- 
izing and placing the leg stents during deployment. 



35 Example I 

[0049] A bifurcated, aortic, expandable, supportive, 
endoluminal graft is made in the following manner. An 
aortic, trunk, supportive, endoluminal graft is fabricated 

40 using a 1 6mm diameter. 12cm long support component. 
First, a 16mm mandrel is rotated on a spinning machine 
at 500rpm, and a spinnerette with 30 orifices reciprocat- 
ed along the axis of the mandrel at 13.8 inches/second 
(35cm/second). Polycarbonate urethane, in dimethyl 

45 acetamide solution (45% solids) is extruded from the 
spinnerette at 0.123 ml/min and would onto the rotating 
mandrel such that the fibres form a 50° pitch angle in 
relation to the axis of the mandrel. The environment in 
the spinning chamber is controlled such that sufficient 

a? solvent from the urethane solution evaporates of during 
spinning to enable the fibres to bond to underlying f fores 
during each transverse of the spinnerette. The thus 
formed spun polycaibonate urethane mesh has a length 
of about 16cm, is removed from the machine on the 
55 mandrel and is cured at 110°C for 16 hours. A support- 
ing component is sheathed over the mesh still on the 
mandrel with a 4cm excess length of tubular mesh pro- 
truding beyond the supporting component. Another 10 
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passes of polycarbonate urethane were spun over the 
tubular mesh and support componenting, but not over 
4cm excess length of the Internal tubular mesh, and the 
fibres, while still wet, were immediately pressed through 
the Interstices of the supporting component with a sill- 
cone rubber sponge, such that the fibres bonded to the 
underlying fibres of the urethane mesh, thereby captur- 
ing the supporting component within the urethane wall. 
The assembly was then cured for an additional 3 hours 
at 110°C., after which the assembly was removed from 
the mandrel. The supportive endoluminal graft formed 
in this manner has fibre diameters of 1 0 to 2Q\i and pore 
sizes ranging from 1 0 to 60^. The excess tubular mesh 
which protrudes from one side of the assembled endo- 
prosthesis is then slit and sewn down the centre such 
that the tube Is bifurcated into two smaller tubes, thereby 
resembling a pair of short pants. 
[0050] The aortic trunk endoprosthesis is pulled down 
and sheathed on an introducer catheter, maneuvered 
into the aorta of a dog, via the dog's femoral artery for 
deployment in the abdominal aorta. Two smaller stents, 
of 6mm diameter are also pulled down onto introducer 
catheters and maneuvered, through each femoral artery 
for deployment into the "pant legs" of the aortic trunk. 
The resultant multi-component, bifurcated, endopros- 
thesis for limiting further dilation of an abdominal-iliac 
aneurysm. 

Example II 

[0051] A bifurcated, expandable, supportive endolu- 
minal graft Is provided for deployment within and repair 
of aorto-iliac aneurysms. A generally tubular metallic 
stent of the self-expandable type is adhered to the out- 
side of a porous spun liner as follows. The graft is wound 
or spun from filaments deposited onto a rotating man- 
drel in order to form a cylindrical graft having crossing 
strands generally adhered together. The resulting inner 
liner, after it is dried, has the stent component placed 
over it. Then, an area of the stent is masked, such as 
with a piece of tape, at the location where an internal 
seam is to be positioned in the trunk component of the 
supportive endoluminal graft. The masking can take on 
a shape on the order of the triangular areas illustrated 
in Fig . 20 with the upper apex forming the "crotch" of the 
"pants". Additional fibers are then spun over the entire 
stent and pressed through the stent intersticies to be 
certain that the stent is secured to the liner. This contin- 
ues until all areas of the stent are well-bonded except 
for the masked area. After removal of the mandrel and 
of the masking material, the initially formed inner liner 
is free to be pinched along its length and sutured, sewed 
and/or glued and the like to form two distinct leg portions 
and a trunk portion of the liner. The resulting trunk com- 
ponent is as generally shown in Rgs. 1 9 and 20. 
[0052] The leg components of the bifurcated, expand- 
able, supportive, endoluminal graft in accordance with 
this Example are individually made in a similar manner. 



The liner is formed by spinning compliant fibers over a 
rotating mandrel, a tubular stent component is posi- 
tioned thereover and secured in place, and additional 
fibers are wound with the rotating mandrel. The stent is 

5 thus encapsulated between the liner fibers and the cov- 
er f tores preferably with the aid of a soft roller or sponge 
to force the cover strands into the intersticies of the stent 
component and securement to the underlying liner fi- 
bres. After removal from the mandrel, the resulting tu- 

10 bular supportive graft component, suitable for use as 
both the iliac components, is trimmed to proper length. 



Claims 

15 

1. A multiple-component bifurcating, expandable, 
supportive, endoluminal graft comprising: - 

a plurality of expandable, supportive, endolu- 
minal components that are adapted to be de- 
ployed individually at a selected location within 
a body vessel, each of said supportive, endo- 
luminal components being radially compressi- 
ble for endoluminal insertion and radially ex- 
pandable for deployment at a desired location 
within a body vessel; 

one of said expandable, supportive, endolumi- 
nal components being a trunk component 
(82-85; 101), said trunk component including a 
tubular supporting member (82; 121), at least 
one other of said expandable, supportive, en- 
doluminal components being a generally cylin- 
drical supportive leg component (89, 90; 1 08, 
115); characterised in that said trunk compo- 
nent includes a trunk liner (63; 122) positioned 
along said tubular supporting member, said 
trunk liner having a generally cylindrical body 
portion (84; 123) and at least two leg portions 
(85, 66; 109, 113), each said leg portion defin- 
ing a leg opening (127, 128); and 
said generally cylindrical supportive leg compo- 
nent (89, 90; 108, 115) and one of said leg por- 
tions (85,86; 109, 113) of the trunk component 
are adapted to be telescopically positioned with 
respect to each other when said leg component 
and trunk component are deployed within the 
body vessel. 

A supportive endoluminal graft in accordance with 
claim 1 , 

characterised in that said generally cylindrical sup- 
portive leg component (89, 90; 1 08, 115) has an end 
portion which, when deployed, is positioned within 
said teg opening (127, 128) of the trunk component. 

3. A supportive endoluminal graft in accordance with 
claim 1 or claim 2, 

characterised in that said plurality of expandable 
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supportive endoluminal components (82-85, 89,90; 

101. 109. 113) are self-expanding. 

I. a supportive, endoluminal graft in accordance with 
claim 1 or claim 2, 

characterised In that said plurality of expandable, 
supportive, endoluminal components are adapted 
to be deployed by a radially expandable device (69; 

104. 107. 114) . 

5 A supportive, endoluminal graft in accordance with 
any of claims I to 4, characterised in that said gen- 
erally cylindrical, supportive leg component In- 
cludes a generally cylindrical supporting member 
and a generally cylindrical liner secured thereaiong 

6. A supportive endoluminal graft in accordance with 
any of claims 1 to 5, 

characterised in that said trunk liner (83; 122) is a 
stretchable wall of essentially inert biocompatible 
material, said stretchable wall being attached to a 
portion of the internal surface of the trunk compo- 
nent tubular supportive member (82; 121) said 
stretchable wall having a diameter size that ex- 
pands with said trunk component tubular supportive 
member. 

7. A supportive endoluminal graft in accordance with 
claim 5, 

characterised in that said liner of the generally cy- 
lindrical supportive leg component is a stretchable 
wall of essential inert biocompatible material, said 
stretchable wall being applied onto at least the in- 
ternal surface of the generally cylindrical tubular 
supporting member of the leg component. 

8. A supportive endoluminal graft In accordance with 
any of claims 1 to 7, 

characterised in that said leg portions (85, 86; 1 09, 
113) of the trunk liner extend longitudinally beyond 
said tubular supportive member of the trunk com- 
ponent. 



of each of said leg portions of the trunk liner (122) 
is secured to said tubular supportive member (21) 
while Inside sections of each of said leg portions are 
secured to each other along an internal seam (126). 

5 

12. A supportive endoluminal graft In accordance with 
any of claims 1 to 1 1 , characterised in that said gen- 
erally cylindrical supportive leg component (89,90; 
108,115), when deployed, is telescopically slidably 

10 positioned within one of said leg portions (85,86; 
1 09,1 1 3) of the trunk component. 

13. A supportive endoluminal graft in accordance with 
daim5, 

js characterised in that said liner of the leg component 
and said trunk liner are each of stretchable wall 
made from a porous elastomeric material that pro- 
vides a structure which allows normal cellular inva- 
sion thereinto from the body vessel when implanted 
20 therewithin. 



9. A supportive endoluminal graft in accordance with 
claim 8, 

characterised in that said leg portions are separated 
from each other. 

10. A supportive endoluminal graft in accordance with 
any of claims 1 to 7, 

characterised In that said leg portions of the trunk 
liner are longitudinally generally coextensive with 
said tubular supportive member of the trunk com- 
ponent. 

11. A supportive endoluminal graft in accordance with 
claim 10, 

characterised In that an outside section (124,125) 



14. A supportive endoluminal graft in accordance with 
claim 13, 

characterised in that said porous elastomenc mate- 
25 rial of each stretchable wall is an elastomeric poly- 
mer. 

15. A supportive endoluminal graft in accordance with 
claim 13, 

30 characterised in that said porous elastomenc mate- 
rial of said stretchable wail is a polycarbonate ure- 
thane. 

16. A supportive endoluminal graft In accordance with 
as claim 13, 

characterised in that said porous elastomeric mate- 
rial is coated with a thin layer of silicone rubber. 

17. A supportive endoluminal graft in accordance with 

40 claim 5, 

characterised in that said trunk liner and said liner 
of the leg component are each of stretchable wall 
along the internal surface and the external surface 
of each supportive member. 

45 

18. A supportive endoluminal graft in accordance with 
any of claims 1 to 7 or 13 to 17, characterised in 
that an exposed longitudinal end of said tubular 
supportive component extends longitudinally be- 
so yond and is not completely covered by said liner. 

19. A supportive endoluminal graft in accordance with 
claim 17, 

characterised in that said tubular supportive mem- 
55 ber has a plurality of open areas thereaiong, and 
said stretchable wall along said external surface of 
the tubular supporting member i6 bonded to said 
stretchable wall along said internal surface of the 
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tubular supporting member at locations defined by 
said open areas of the tubular supporting member 

20. A supportive endoluminal graft in accordance with 
any of claims 1 to 19, wherein said tubular support- 
ing member has a plurality of open areas the- 
realong, and an attachment component passes 
through one of said open areas of said tubular sup- 
porting member. 

21. A supportive endoluminal graft in accordance with 
any of claims 1 to 20, characterised in that said tu- 
bular supporting member (82; 121) includes a plu- 
rality of wire strands with open areas therebetween. 

22. A supportive endoluminal graft in accordance with 
claim 21 , 

characterised in that said wire strands of the tubular 
supporting member (82;121) are generally sinusoi- 
dalty configured wire that is helically wound into the 
tubular supporting member, said wire defining ther- 
ebetween said open areas of the tubular supporting 
member. 

23. A supportive endoluminal graft in accordance with 
claim 21 , 

characterised in that said wire strands of the tubular 
supporting member are shaped as intersecting 
elongated lengths integral with each other and de- 
fining said openings therebetween to form a mesh- 
shaped tubular supporting member. 

24. A supportive endoluminal graft in accordance with 
any of claims 1 to 23, characterised in that the en- 
doluminal graft comprises a surface treatment for 
biocompatibility or drug therapy 

25. A supportive endoluminal graft in accordance with 
any of claims 1 to 24, characterised in that said trunk 
component includes a projecting securement mem- 
ber (130). 

26. A supportive endoluminal graft in accordance with 
claim 1, 

characterised in that said trunk component (82-85) 
has an internal surface, an external surface spaced 
outwardly from and shaped complementarlly with 
said internal surface, and a network of land areas 
with open areas defined therebetween, 

said trunk component liner (83) is a stretchable 
wall of essentially inert biocompatible material, 
said stretchable wall being applied to at least 
one of said internal surface and said external 
surface of the tubular supporting member, said 
stretchable wall having an extension portion 
that extends beyond said tubular supporting 
component thereof; and 



said extension portion of the stretchable wall is 
branched into at least two generally tubular leg 
portions (85,86) of stretchable wall material, 
each said leg portion being sized and shaped 
5 to receive a said generally cylindrical support- 

ive leg component (89,90), 

27. A multi-component, bifurcating, expandable, sup- 
portive, endoluminal graft as claimed in any preced- 
10 ing claims, characterised in that said trunk liner 
(1 22) is secured to said tubular supporting member 
(121) and is pinched along its length and sutured, 
sewn and glued to form two distinct leg portions 
(109,113). 



PatentansprQche 

1. Ein verzweigendes, expandierbares, stutzendes, 
20 endoluminales Implantat aus mehreren Komponen- 

ten umfassend: 

elne Vielzahl von expandierbaren, stutzenden, 
endoluminalen Komponenten, die angepaBt 
25 sind, individuell an einem ausgew&hlten Ort in- 

nerhaib eines Blutgef§Bes eingesetzt zu wer- 
den, wobei jede derstOtzenden, endoluminalen 
Komponenten radial komprimierbar sind zum 
endoluminaJen Einfugen, und radial expandier- 
30 bar zum Einsatz an einem gewunschten Ort in- 

nerhalb eines BlutgefaBes; 
wobei eine der expandierbaren, stutzenden, 
endoluminalen Komponenten eine Stamm- 
komponente (82 - 85; 101) ist, wobei die 
35 Stammkomponente ein rohrenformiges StQtz- 

teil (82; 121) beinhaltet, wobei wenigstens eine 
andere der expandierbaren, stutzenden, endo- 
luminalen Komponenten eine im aligemeinen 
zyiindrische, stutzende Beinkomponente (89, 
40 90; 1 08, 115) 1st; dadurch gekennzeichnet, daft 

die Stammkomponente eine Stammausklei- 
dung (83; 122) beinhaltet, welche entlang des 
rohrenformigen Stutzteils positioniert ist, wobei 
die Stammauskleidung einen im aligemeinen 
45 zylindrischen Kdrperabschnitt (84; 123) auf- 

weist und wenigstens zwei Beinabschnitte (85, 
86; 109, 113), wobei jeder der Beinabschnitte 
eine Beindffnung (127, 128) definiert; und 
wobei die im aligemeinen zyiindrische, stutzen- 
so de Beinkomponente (89, 90; 108, 115) und ef- 

ner der Beinabschnitte (85, 86; 109, 113) der 
Stammkomponente angepaBt sind, urn tele- 
skopisch in Bezug zueinander positioniert zu 
werden, wenn die Beinkomponente und die 
55 Stammkomponente innerhalb des BlutgefiBes 

eingesetzt sind. 

2. Ein stutzendes, endoluminales Implantat gemaB 
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Anspruch 1, dadurch gekennzeichnet, daB die im 
allgemeinen zylindrische, stutzende Beinkompo- 
nente (89, 90; 108. 115) einen Endabschnitt auf- 
weist, welcher, wenn ereingesetzt 1st innerhalb der 
Beinoffnung (127, 128) der Stammkomponente po- 
sltioniert wird. 

Ein stutzendes, endolumlnales Implantat gemaB 
Anspruch 1 oder Anspruch 2, dadurch gekenn- 
zeichnet, daB die Vielzahl von expandierbaren, 
stOtzenden, endolumlnalen Komponenten (82 - 85, 
89, 90; 101, 109, 113) selbstexpandierend sind. 

Ein stutzendes, endoluminales Implantat gemaB 
Anspruch 1 oder Anspruch 2. dadurch gekenn- 
zeichnet, daB die Vielzahl von expandierbaren, 
stOtzenden, endolumlnalen Komponenten ange- 
paBt sind, urn durch eine radial expandierbare Vor- 
richtung (69; 104, 107, 114) eingesetzt zu werden. 

Ein stutzendes, endoluminales Implantat gemaB ei- 
nem der AnsprOche 1 bis 4, dadurch gekennzeich- 
net daB die im allgemeinen zylindrische, stutzende 
Beinkomponente ein im allgemeinen zylindnsches. 
stutzendes Tell beinhaltet und eine im allgemeinen 
zylindrische Auskleidung, die daran entlang befe- 
stigt ist. 

i Ein stutzendes, endoluminales Implantat gemaB ei- 
nem der AnsprOche 1 bis 5, dadurch gekennzeich- 
net, daB die Stammauskleidung (83; 122) eine 
dehnbare Wand aus im allgemeinen inertem, bio- 
kompatiblemMaterialist.wobeidiedehnbareWand 

an elnem Abschnitt der inneren Obert lache des roh- 
renf6rmigen Stammkomponenten-StOtzteils (82; 
1 21 ) angebracht ist, wobei die dehnbare Wand eine 
DurchmessergroBe aufweist, die mit dem rohren- 
f6rmigen Stammkomponenten-Stutztell expan- 

diert. 

7 Ein stutzendes, endoluminales Implantat gemaB 
Anspruch 5, dadurch gekennzeichnet, daB die Aus- 
kleidung der im allgemeinen zylindrischen, stutzen- 
den Beinkomponente eine dehnbare Wand aus »n 
allgemeinen inertem, biokompatiblem Material ist, 
wobei die dehnbare Wand wenigstens an der inne- 
ren Oberflfiche des im allgemeinen zylindrischen, 
rohrenformigen StOtztells der Beinkomponente an- 
gebracht ist 

8 Ein stutzendes. endoluminales Implantat gemaB el- 
nem der AnsprOche 1 bis 7, dadurch gekennzeich- 
net daB die Beinabschnltte (85, 86; 109, 113) der 
Stammauskleidung sch longitudinal Ober das roh- 
renformige StOtzteil der Stammkomponente er- 
strecken 



Anspruch 8, dadurch gekennzelchnet, daB die 
Beinabschnltte getrennt vonelnander sind. 

I o Ein stutzendes, endoluminales Implantat gemaB ei- 
' nem der AnsprOche 1 bis 7, dadurch gekennzetch- 

net daBdieBeinabschnlttederStammauskleldung 
sich longitudinal im allgemeinen gemeinsam mit 
dem rohrenfdrmigen StOtzteil der Stammkompo- 
nente erstrecken. 

II Ein stutzendes, endoluminales Implantat gemaB 
Anspruch 1 0, dadurch gekennzeichnet, daB ein Au- 
Benbereich (124, 125) von jedem der Beinabschnlt- 
te der Stammauskleidung (122) an dem rohrenfor- 

15 migen StOtzteil (21) befestigt ist wahrend Innenbe- 
reiche von jedem der Beinabschnltte entlang emer 
Innennaht (126) aneinander befestigt sind. 

12 Ein stutzendes, endoluminales Implantat gemaB ei- 
20 ' nem der AnsprOche 1 bis 11, dadurch gekennzeich- 
net daB die im allgemeinen zylindrische, stutzende 
Beinkomponente (89, 90; 108, 115), wenn einge- 
setzt teleskopisch gleitend innerhalb einem der 
Beinabschnltte (85, 86; 109, 113) der Stammkom- 

25 ponente positioniert ist. 

13 Ein stOtzendes, endoluminales Implantat gemaB 
' Anspruch 5, dadurch gekennzeichnet, daB die Aus- 
kleidung der Beinkomponente und die Stammaus- 

ao kleidung jeweils aus einer dehnbaren Wand beste- 
hen, hergestellt aus porosem, elastomerem Mate- 
rial das eine Strukturvorsieht, welche darein einen 
normalen Zelleneinfall vom KfirpergefaB ertaubt, 
wenn darin implantlert. 

35 

14 Ein stOtzendes, endoluminales Implantat gemaB 
' Anspruch 13, dadurch gekennzeichnet, daB das po- 

rose, elastomere Material jeder dehnbaren Wand 
ein elastomere Polymer ist. 

40 

15 Ein stutzendes, endoluminales Implantat gemaB 
' Anspruch 1 3, dadurch gekennzeichnet, daB das po- 

rose, elastomere Material der dehnbaren Wand ein 
Polycarbonat-Urethan ist. 

45 

16. Ein stOtzendes, endolumlnales Implantat gemaB 
Anspruch 13, dadurch gekennzeichnet, daB das po- 
rfise, elastomere Material beschichtet ist mit einer 
dunnen Schlcht aus Silikongummi. 

50 17 Ein stutzendes, endoluminales Implantat gemaB 
Anspruch 5, dadurch gekennzeichnet, daB die 
Stammauskleidung und die Auskleidung der Bein- 
komponente jeweils aus einer dehnbaren Wand 
55 entlang der inneren Obefflache und der auBeren 
Oberflache jedes der Stutzteile bestehen. 



. . Mm 8R 1 8 Ein stOtzendes, endoluminales Implantat gemaB ei- 
Ein stutzendes, endoluminales Implantat gemaB 18. tinsxui»n , 
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nem der Anspruche 1 bis 7 Oder 1 3 bis 1 7, dadurch 
gekennzeichnet, daB ein exponiertes longitudina- 
les Ende der r6hrenf6rmigen, stutzenden Kompo- 
nente sich longitudinal Ober die Auskteidung er- 
streckl und nicht komplett durch die Auskleidung 
bedeckt 1st. 

19. Ein stutzendes, endoluminales Implantat gemaB 
Anspruch 17, dadurch gekennzeichnet, daB das 
rohrenformige, stutzende Teil eine Vielzahl von of- 
fenen Bereichen dort entlang aufweist, und daB die 
dehnbare Wand entlang der fiuBeren Oberfiache 
des rohrenformigen Stutzteiles an der dehnbaren 
Wand entlang der inneren Oberfiache des rohren- 
formigen Stutzteiles an Orten verbunden ist, die 
durch die offenen Bereiche des rohrenformigen 
StQtzteils definiert sind. 

20. Ein stutzendes, endoluminales Implantat gemaB ei- 
nem der Ansprfiche 1 bis 19, wobei das rohrenfdr- 
mige StQtzteil eine Vielzahl von offenen Bereichen 
dort entlang aufweist, und wobei eine Befestigungs- 
komponente durch einen der offenen Bereiche des 
rdhrenf6rmigen Stutzteils hindurchtreten. 

21 . Ein stutzendes, endoluminales Implantat gemfiB ei- 
nem der Anspruche 1 bis 20, dadurch gekennzeich- 
net, daB das rohrenformige Stutzteil (82; 121) eine 
Vielzahl von Drahtlltzen mit offenen Bereichen da- 
zwischen aufweist. 

22. Ein stutzendes, endoluminales Implantat gemaB 
Anspruch 21, dadurch gekennzeichnet, daB die 
Drahtlitzen des rohrenfdrmigen Stutzteils (82; 121) 
aus Im allgemeinen sinusfdrmig konfiguriertem 
Draht bestehen, der schraubenformig in das roh- 
renfdrmige StQtzteil hinein gewunden ist, wobei der 
Draht dazwischen die offenen Bereiche des rohren- 
formigen Stutzteils definiert. 

23. Ein stQtzendes, endoluminales Implantat gemaB 
Anspruch 21, dadurch gekennzeichnet, daB die 
Drahtiitzen der r6hrenfdrmigen Stutzteile als kreu- 
zende, lingliche Abschnrtte geformt sind, welche 
integral miteinander sind, und dazwischen die 6ff- 
nungen definieren, urn ein gitterformiges, rohren- 
fdrmiges StQtzteil zu bilden. 

24. Ein stutzendes, endoluminales Implantat gemaB ei- 
nem der Anspruche 1 bis 23, dadurch gekennzeich- 
net, daB das endoluminale Implantat eine Behand- 
lungsoberflache zur Biokompatibilitat oder Medika- 
mententherapie umfaBt 

25. Ein stutzendes, endoluminales Implantat gemaB ei- 
nem der Anspruche 1 bis 24, dadurch gekennzeich- 
net, daB die Stammkomponente ein hervorstehen- 
des Befestigungselement (130) beinhaltet 



26. Ein stOtzendes, endoluminales Implantat gemaB 
Anspruch 1, dadurch gekennzeichnet, daB die 
Stammkomponente (82 - 85) eine innere Oberfia- 
che, eine SuBere Oberfiache, welche nach auBen 

s hin von der inneren Oberfiache beabstandet ist und 
komplementar mit der inneren Oberfiache geformt 
ist, und ein Netzwerk von Stegbereichen mit dazwi- 
schen definierten offenen Bereichen aufweist, 

10 wobei die Stamrnkomponenten-Auskleidung 

(83) eine dehnbare Wand ist aus im allgemei- 
nen inertem, biokompiatfolem Material, wobei 
die dehnbare Wand an wenigstens eine der in- 
neren Oberfiache und der auBeren Oberfiache 

15 des rohrenformigen Stutzteils angebracht ist, 

wobei die dehnbare Wand einen Dehnabschnitt 
aufweist, dersich uber die rohrenformige Stutz- 
komponente davon erstreckt; und 
wobei der Dehnabschnitt der dehnbaren Wand 

20 verzweigt ist in wenigstens zwei im allgemei- 

nen rohrenformige Beinabschnitte (85, 86) aus 
dehnbarem Wandmaterial, wobei jeder Beinbe- 
reich eine derartige GroBe aufweist und derar- 
tig geformt ist, urn eine der im allgemeinen zy- 

25 lindiischen, stutzenden Beinkomponenten (89, 

90) aufzunehmen. 

27. Ein aufzweigendes, expandierbares, stutzendes, 
endoluminales Implantat ausmehreren Komponen- 

30 ten wie in einem der vorhergehenden Anspruche 
beansprucht, dadurch gekennzeichnet, daB die 
Stammauskleidung (122) an dem rohrenfSrmigen 
StQtzteil (121) befestigt ist, und entlang seiner Lan- 
ge eingekiemmt ist, und broschiert, gen§ht, und ge- 

35 klebt ist, urn zwei verschiedene Beinabschnitte 
(109, 113) zu bilden. 



Revendicatlons 

40 

1 . Greffon endoluminal de maintien expansible ramifi6 
multbomposant comprenant : 

plusieurs composants endoluminaux de main- 
45 tien expansibles qui sont adapts pour §tre d§- 

ploy6s individuellement k un emplacement s6- 
lectionnd k Pinterteur d'un vaisseau du corps, 
chacun desdits composants endoluminaux de 
maintien gtant compressible radialement pour 
so son insertion endoluminale et expansible radia- 

lement pour son ddploiement k un emplace- 
ment d£sir6 k I'int6rieur d'un vaisseau du 
corps; 

I'un desdits composants endoluminaux de 
55 maintien expansibles 6tant un composant en 

tronc (82-85 ; 101), ledit composant en tronc 
comprenant un 6l6ment de maintien tubulaire 
(82 ; 121), au moins un autre desdits compo- 
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sants endoluminaux de maintien expansibles 
etant un composant en jambe de maintien ge- 
neralement cyllndrique (89, 90 ; 108, 115) ; 

caracterise en ce que ledtt composant en 
tronccomprend unechemise detronc (83 ; 122) po- 
sltionnee le long dudit element de maintien tubulai- 
re ladite chemise de tronc ayant une portion de 
corps generalement cylindrique (84; 123) et au 
moins deux portions de jambe (85, 86 ; 109, 113), 
chacune desdites portions de jambe definissant 
une ouverture de jambe (127, 128) ; et 

ledit composant en jambe de maintien gene- 
ralement cylindrique (89, 90 ; 108, 115) et runedes- 
dttes portions de jambe (85, 86 ; 109, 113) du com- 
posant en tronc sont adaptes pour Stre positionnes 
de facon telescopique I'un par rapport a I'autre lors- 
que ledit composant en jambe et ledit composant 
en tronc sont deployes a I'interieur du valsseau de 
corps. 

Greffon endoluminal de maintien selon la revendi- 
cation 1 , caracterise en ce que ledit composant en 
jambe de maintien generalement cylindrique (89, 
90 ; 1 08, 11 5) a une portion d'extremite qui, a I'etat 
deploye,' est positionnee a rinterieur de ladite 
ouverture de jambe (127, 128) du composant en 
tronc. 

I. Greffon endoluminal de maintien selon la revendi- 
cation 1 ou la revendication 2, caracterise en ce que 
ladite pluralite de composants endcluminaux de 
maintien expansibles (82-85, 89, 90 ; 101,109,113) 
sont auto-expanslbles. 

4. Greffon endoluminal de maintien selon la revendi- 
cation 1 ou la revendication 2, caracterise en ce que 
lesdits plusieurs composants endoluminaux de 
maintien expansibles sont adaptes pour etre de- 
ployes par un disposltif expansible radialement 
(69;104,107,114). 

5. Greffon endoluminal de maintien selon I'une quel- 
conque des revendications 1 a 4, caracterise en ce 
que ledit composant en jambe de maintien genera- 
lement cylindrique comprend un element support 
generalement cylindrique et une chemise gdnera- 
lement cylindrique qui est fixee le long de celul-cl. 

6. Greffon endoluminal de maintien selon fune quel- 
conque des revendications 1 a 5, caracterise en ce 
que ladite chemise de tronc (83, 122) est une paroi 
extensible de materiau biocompatible essentielle- 
ment Inerte, ladite paroi extensible etantfixee a une 
tortion de la surface interne de Telement de main- 
tien tubulaire a composant en tronc (82 ; 1 21 ) ladite 
paroi extensible ayant un dlametre qui se dilate 
avec ledit element de maintien tubulaire a compo- 



sant en tronc. 

7. Greffon endoluminal de maintien selon la revendi- 
cation 6, caracteris6 en ce que ladite chemise du 
s composant en jambe de maintien generalement cy- 
lindrique est une paroi extensible en materiau blo- 
compatfole essentiellement inerte, ladite paroi ex- 
tensible etant appliques sur au moins la surface in- 
terne de I'element de maintien tubulaire generale- 
ment cylindrique du composant en jambe. 



Greffon endoluminal de maintien selon I'une quel- 
conque ces revendications 1 a 7, caracterise en ce 
que lesdites portions de jambe (85, 86 ; 109, 113) 
de la chemise de tronc s'etendent longltudinale- 
ment au-dela dudit 6lement de maintien tubulaire 
du composant en tronc. 

9. Greffon endoluminal de maintien selon la revendi- 
20 cation 6, caracterise en ce que lesdites portions de 
jambe sont separees I'une de I'autre. 

10 Greffon endoluminal de maintien selon I'une quel- 
conque des revendications 1 a 7, caracterise en ce 
25 que lesdites cortions de jambe de la chemise de 
tronc sont generalement extensibles en longueur 
avec ledit element de maintien tubulaire du compo- 
sant en tronc. 

30 11 . Greffon endoluminal de maintien selon la revendi- 
cation 1 1 , caracterise en ce qu'un troncon exterieur 
(1 24 125) de chacune desdites portions de jambe 
de la chemise de tronc (1 22) est fixe audit element 
de maintien tubulaire (21 ) tandis que des troncons 
35 interieure de chacune des portions de jambe sont 
fixes I'un a I'autre le long d'une couture interne 
(126). 

12 Greffon endoluminal de maintien selon I'une quel- 
40 conque des revendications 1 a 1 1 , caracterise en 
ce que ledit composant en jambe de maintien ge- 
neralement cylindrique (89. 90 ; 108, 115), lorsqu'il 
est deployd, est posltlonn6 a coulissement telesco- 
pique a I'int6rieur de I'une des portions de Jambe 
45 (85, 86 ; 1 09, 1 1 3) du composant en tronc. 

13. Greffon endoluminal de maintien selon la revendi- 
cation 5, caracterise en ce que ladite chemise du 
composant en jambe et laditechemlse detroncsont 
so chacune une paroi extensible falte d'un matenau 
elastomere poreux quifournit une structure permet- 
tant I'invasion cellulalre normale a rinterieur cfelle- 
meme a partir du valsseau de corps lorsqu'elle est 
frnplantee a I'interieur de celUHCi. 

55 

14 Greffon endoluminal de maintien selon la revendi- 
cation 13, caracterise en ce que ledit materiau elas- 
tomere poreux de chaque paroi extensible est un 
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polymfcre Slastomfcre. 

15. Greffon endoluminal de maintien selon la revendi- 
cation 1 3, caracteris6 en ce que ledit materiau 6Ias- 
tomfcre poreux de ladite paroi extensible est un ur6- 
thanne polycarbonate. 

16. Greffon endoluminal de maintien seion la revendi- 
cation 1 3, caract£ris6 en ce que ledrt mat6riau elas- 
tomer© poreux est enrobe avec une fine couche de 
caoutchouc au silicone. 

17. Greffon endoluminal de maintien selon la revendh 
cation 5, caract6ris6 en ce que ladite chemise de 
tronc et ladite chemise du composant en jambe sont 
chacune une paroi extensible le long de la surface 
interne et de la surface externe de chaque 6l6ment 
de maintien. 

18. Greffon endoluminal de maintien selon Tune quel- 
conque des revendications 1 a 7 ou 1 3 k 1 7, carac- 
t6ris6 en ce qu'une extr§m tte longltudinale expos6e 
dudit composant de maintien tubulaire s'6tend Ion- 
gitudinalement au-de!& de ladite chemise et n'est 
pas completement couverte par celle-ci. 

19. Greffon endoluminal de maintien selon la revendi- 
cation 17, caract6ris6 en ce que ledit 6l6ment de 
maintien tubulaire a une plurality de zones ouvertes 
le long de celui-ci, et ladite parol extensible le long 
de ladite surface externe de Teldment de maintien 
tubulaire est coll6e a ladite paroi extensible le long 
de ladite surface interne de I'6l6ment de maintien 
tubulaire en des emplacements dSfinis par lesdites 
zones ouvertes de I'6l6ment de maintien tubulaire. 

20. Greffon endoluminal de maintien selon Pune quel- 
conque des revendications 1 & 19, dans lequel ledit 
6l6ment de maintien tubulaire a une plurality de zo- 
nes ouvertes le long de celui-ci, et un composant 
de fixation traverse Pune desdites zones ouvertes 
dudit 6l6ment de maintien tubulaire. 

21. Greffon endoluminal de maintien selon Tune quel- 
conque des revendications 1 d 20, caract£ris£ en 
ce que ledit element de maintien tubulaire (82 ; 121) 
comprend une plurality de torons de fit avec entre 
eux des zones ouvertes. 

22. Greffon endoluminal de maintien selon la revendi- 
catlon 21 , caract6ris6 en ce q ue lesdrts torons de f il 
de I'etement de maintien tubulaire (82 ; 121) sont 
un fil configure de f agon g6n§ralement sinusoTdale 
qui est enroute en h§lice dans I'ei6ment de maintien 
tubulaire, ledit fil dSflnissant ainsi lesdites zones 
ouvertes de lament de maintien tubulaire. 

23. Greffon endoluminal de maintien seion la revendi- 



cation 21 , caract6ris6 en ce que lesdits torons de fil 
de P6l6ment de maintien tubulaire sont confomnds 
en longueurs allong6es qui se coupent et qui sont 
solidaires I'une de I'autre et d6finissent entre eiles 
5 lesdites ouvertures pour former un §!6ment de 
maintien tubulaire maiII6. 

24. Greffon endoluminal de maintien selon i'une quel- 
conque des revendications 1 k 23, caract6ris6 en 

10 ce que le greffon endoluminal comprend un traite- 
ment de surface pour la biocompatible ou le tral- 
tement par medicament. 

25. Greffon endoluminal de maintien selon Tune quel- 
's conque des revendications 1 a 24, caract6ris6 en 

ce que ledit composant en tronc comprend un 
ment de fixation depassant (130). 

Greffon endoluminal de maintien selon la revendi- 
cation 1 , caract6ris6 en ce que ledit composant en 
tronc (82-85) a une surface interne, une surface ex- 
terne 6cart6e vers I'exterieur de ladite surface inter- 
ne et conform6e de f agon comptem entaire avec cel- 
le-ci, et un reseau de zones pleines avec des zones 
ouvertes d£finies entre elles, 

ladite chemise de composant en tronc (83) est 
une paroi extensible de materiau biocompatible 
essentiellement inerte, ladite paroi 6tant appli- 
quee sur au moins Pune de ladite surface inter- 
ne et de ladite surface externe de I'element de 
maintien tubulaire, ladite paroi extensible ayant 
une portion d'extension qui s'etend au-del6 du- 
dit composant de maintien tubulaire ; et 
ladite portion d'extension de paroi extensible 
est ramifide en au moins deux portions de jam- 
be g6n£ralement tubulaires (85, 86) en mat£- 
riau de paroi extensible, chacune desdites por- 
tions de jambe etant dimensionn6e et confor- 
ms pour recevoir ledit composant en jambe de 
maintien g§n§ralement cylindrique (89, 90). 

27. Greffon endoluminal de maintien expansible ramifi6 
multicomposant selon Pune quelconque des reven- 
dications pr£c£dentes, caract6ris6 en ce que ladite 
chemise en tronc (122) est fix§e audit 6l6ment de 
maintien tubulaire (121) et est pinc6e le long de sa 
longueur et sutur6e, cousue et coll6e pour former 
deux portions de jambe distinctes (109, 113). 
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